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Introduction
A diverse engineering university faculty and workforce are necessary to achieve and maintain a country that is prosperous, secure, and attentive to the technological and social wellbeing of all individuals. Thus, this research study investigates one of the challenges to a diverse engineering faculty and workforce by exploring the causes behind why African Americans remain one of the most underrepresented racial groups in engineering faculty positions, remaining steady at 2.5% for the past five years, despite intervention programs that aim to broaden the participation of minorities in engineering. This three-year study explores the barriers and opportunities facing a cohort of: (1) African American engineering PhD students, candidates, and postdocs pursuing engineering faculty careers; (2) African American engineering tenure-track and tenured faculty; and (3) Minority/Diversity Engineering Program Directors. This study examines factors that impact the production of African American PhDs in engineering, as well as those factors that affect the pathway to tenured faculty positions in engineering. This research includes an assessment of the current engineering faculty climate through surveying and interviewing African Americans in engineering, from PhD candidates and postdoctoral students through full professors. This study analyzes the faculty-engineering climate by including the implementation of a national survey for Black PhD engineering students. The analytical structure of this study is guided by the literature on racial/gender stereotypes and Social Cognitive Career Theory. The intellectual merit of this work should lead to: (1) a better understanding of the career trajectories for African American PhDs in engineering, and (2) the technical, societal, and cultural influences that impact their career decision-making. Although this study focuses on African American faculty, overall faculty diversity creates a more effective learning environment. Schools with greater racial diversity tend to have better retention, satisfaction, and intellectual development. The broader impact of this study has the potential to change the model of how engineering candidates of color are mentored and primed for engineering faculty positions.
Literature Review
Faculty. The number of engineering faculty appears to be growing. In 2013, there were 27,678 tenured and tenure-track engineering faculty, seven percent more than there were in 2008. While the number of engineering faculty is rising, gaps in gender and ethnicity persist. Table 1 and Figure 1 Doctoral Student Enrollment. Just as the number of engineering faculty is growing, so is the number of students enrolled in engineering doctoral programs. In 2013, there were 79,442 students enrolled in U.S. engineering institutions, 25 percent more than there were in 2008. While both the number of engineering faculty and the number of students enrolled in doctoral engineering programs are growing, disparities among social groups are also present in both. Table 2 4 ..
These data also demonstrate that diversity remains low in doctoral student enrollment, degree conferral, and among tenured/tenure-track faculty. Women are better represented at the graduate student level than at the faculty level, and members of underrepresented minority groups, including African-Americans remain underrepresented at every stage. Recent research on biomedical science PhD career interest may offer some insight. Women and members of underrepresented minority groups are 36 to 55 percent less likely than white and Asian men to report high interest in faculty careers at research-intensive universities. Additionally, underrepresented minority women are nearly twice as likely as all other groups to report high interest in careers outside of academia 5 . The methodological and analytical structure of this study is guided by the literature on racial/gender stereotypes and Social Cognitive Career Theory (SCCT) 6, 7, 8 . SCCT, an offshoot of Albert Bandura's social cognitive theory, attempts to address issues of culture, gender, genetic Page 26.555.7 endowment, social context, and unexpected life events that may interact with and supersede the effects of career-related choices. SCCT focuses on the connection of self-efficacy, outcome expectations, and personal goals that influence an individual's career choice. SCCT proposes that career choice is influenced by the beliefs the individual develops and refines from four major sources: (a) personal performance accomplishments, (b) vicarious learning, (c) social persuasion, and (d) physiological states and reactions. How these aspects work together in the career development process is through a process by which an individual develops an expertise/ability for a particular endeavor and meets with success. This process reinforces one's self-efficacy or belief in future continued success in the use of this ability/expertise. As a result, one is likely to develop goals that involve continuing involvement in that activity/endeavor. Through an evolutionary process beginning in early childhood and continuing through adulthood, one narrows the scope of successful endeavors to focus on and form a career goal or choice. What is critical to the success of the process is the extent to which one views the endeavor/activity as one at which they are successful and offers valued compensation. Contextual factors come into play and influence the individual's perception of the probability of success. If the person encounters or perceives few barriers, then the likelihood of success reinforces the career choice; but if the barriers are viewed as significant, then there is a weaker interest and fewer choice actions.
Research studies on stereotype threat provide a deeper understanding of the psychological experience of being stereotyped, particularly the effect of decreased academic achievement among students who are stereotyped. However, this understanding does not extend to the experiences of the many high-achieving students of color who, despite frequent encounters with stereotyping, maintain academic success in competitive fields that are traditionally highly valued, including the science, technology, engineering and mathematics (STEM) fields. PI McGee has developed and explored the concept of "stereotype management," that of using one's awareness of others' negative stereotypes as motivation to not only achieve, but also to excel in STEM fields. Stereotype management demonstrates that high-achieving Black students can experience emotional and psychological harm due to being stereotyped and nevertheless be successful in their STEM majors 8,9,10,11 .
Participants and Methods
The preliminary results of this first year of the three-year study shed light on the barriers and opportunities facing a cohort of: (1) African American engineering PhD students, candidates, and postdocs; (2) African American engineering pre-tenure faculty; (3) African American engineering post-tenure faculty; and (4) minority engineering program directors. The mixed methods approach, including analysis of a national survey of Black PhD engineering students, and interview data collected from these students as well as from Black engineering faculty and a subset of former Black engineering faculty, will allow us to analyze multiple forms of data that have the potential to shed light on the current status and perspectives of Black engineering students and scholars. Descriptive and correlational statistics will be estimated using the survey data about Black PhD and post-doctoral students' perceptions pertaining to gender and race barriers, work-life balance, the role of their PI or advisors, the influences that impact their career decision-making, and other relevant matters. Qualitative data gathered from interviews with both students and faculty (and former faculty) was analyzed and coded for themes.
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The researchers recruited participants by first making contact with key faculty and staff at institutions that were selected for one or more of the following reasons: (1) pre-existing professional connections with the principal investigator(s); (2) ten or more Black engineering tenured or tenure-track faculty as of 2012 data; (3) and/or contact was made at a national engineering-related conference. Primarily through contact with key staff, participants were invited to participate in the study via email communications.
Participants included deans, program directors, faculty, PhD students, and post-doctoral scholars and were affiliated with diverse types of institutions: predominantly White institutions, historically Black colleges and universities, private universities, public institutions, and technological institutes. The majority of participants were affiliated with institutions in regions of the U.S. covered by the eastern and central time zones. We incentivized study participation by offering an incremental scale of reimbursements, ranging from $35.00 for PhD students and post-doctoral scholars, $50.00 for faculty, and $250.00 for program managers who not only agreed to be interviewed but also to assist with recruitment. A total of 51 Black engineering PhD students and postdocs were interviewed, 26 Black engineering faculty (both pre and post tenure), and 9 minority engineering program directors.
Participants were interviewed in the following locations: their universities, a national engineering-related conference, or over the phone. Interview formats were semi-structured and were guided by a clear list of issues to be addressed and questions to be answered 12 ; however, within this format, interviews were conducted with a degree of flexibility, allowing the interviewee to develop ideas and to help shape the order of topics covered. All of these semistructured individual and focus group interviews were audio recorded. Participants who attended an in-person interview were also video-recorded, with their permission. Interviews lasted from 45 minutes to just over 2 1/2 hours, and were professionally transcribed. For focus groups, researchers' field notes were utilized to aid in the transcription process and identification of speakers. Once interviews were transcribed, transcripts were analyzed by category (e.g., the faculty were analyzed separately from the PhD students) using the themes embedded in the structure of interview protocols as well as an iterative coding scheme. For the iterative coding scheme, multiple researchers analyzed initial transcripts and identified themes individually, then compared their results and came to a consensus on a final coding scheme. This final scheme was then employed to code remaining transcripts. 
Preliminary Results
These first-year results highlight general findings from Black engineering PhD students, candidates, and postdocs; Black engineering tenure-track, practice, and adjunct faculty; and minority engineering program directors, sometimes known as diversity engineering faculty directors. These preliminary results are gleaned from the focus group and interviews only, as the survey data has yet to be analyzed.
Students' Perceptions of the Professoriate. Presented in this section are preliminary findings of 49 Black engineering PhD students and 2 postdoctoral scholars who participated in either a private interview or a student focus group. Early evidence shows that many Black engineering doctoral students have negative perceptions of what it means to be an engineering faculty member. About 40% of the students we interviewed confirm that they desire an academic position sometime over their career lifespan but only half of those students would be seeking academic employment immediate after the PhD or Postdoctoral scholar training. Those who did not want to start in academia immediately after their PhD and postdoctoral education felt that industry experience would be more beneficial for their students coupled with the financial stability that an industry or government career would provide. About 70% of all students who saw their future as an academic desired to be at teaching institutions and/or HBCUs. The rationale for this preference came from witnessing assistant professors who were overworked, stressed, and unhappy. Those who shadowed pre-tenure Black engineering faculty concluded that the faculty academic life is too hectic, and without guarantee of tenure, a position in engineering at a research-intensive institution was unattractive. Based upon their observations of pre-tenure engineering faculty, several students described the process of achieving tenure as similar to the process of completing a PhD all over again. An additional deterrent was the limited numbers of grants available and the exorbitant amount of time faculty spend on grants without ample success. Equally unsettling was the thought of securing a low-paying postdoc, which students felt as a mandatory part of the academic process, only to have to endure 6-7 years of the tenure gaining process. Considering matters of work-life balance (e.g., the ability to start a family, make good money for a better lifestyle), many students said that their lives would simply be easier with a job in industry or a related type of employment. Other students expressed a desire to first work in industry or government but then, after a period of 5-10 years, join an engineering faculty at a predominantly teaching institution. They shared how they want to serve more as role models and mentor younger generations as opposed to focusing exclusively on producing research. About half of the students interviewed did not desire a career as an engineering faculty member either in the long-term or the short-term but did show a desire to give back to their communities and youth through informal and formal mentoring programs and by starting not-forprofit businesses or engineering education start-up companies.
The Need for a Graduate Mentoring Program. Most of the Black PhD students were either personally involved in, or at the very least aware of, African American or minority graduate programs on their campuses. However, these programs did not appear to encourage students towards considering careers in academia. Most of the students in this study said they would be more open to considering a tenure-track position if there was a mentoring program that specifically focused on preparing them for a career in the professoriate. In addition, while many students knew of one or more Black engineering faculty members at their university, they expressed a desire to have more frequent interactions with these faculty on a personal as well as professional level, such that those faculty could be candid about the joys and pains of their academic careers.
Experiences of Marginalization. An overwhelming majority of Black engineering doctoral students felt they had to expend extra energy to prove themselves to their advisors, professors, peers, and even to their mentors by going above and beyond stated requirements of assignments or at least by performing work better than their White and Asian peers. Some students' racialized experiences took the form of being ignored or overlooked by faculty and peers in courses when they tried to collaborate with peer groups or contribute to class discussions. Over half of the students in this study shared how they consistently experienced feelings of being an imposter, many even referencing the theory of the imposter syndrome. However, students that cited the imposter syndrome often suggested that it was created partly by their own motivation to achieve and by the ways they did not feel a sense of belonging to a community of practice. Imposter Phenomenon is the experience among academically or professionally successful individuals of feeling like intellectual frauds. Remarkably, as the students shared their racialized experiences in the focus group interview settings, many of the Page 26.555.12 participants appeared to realize that their feelings of marginalization were shared amongst their Black peers. This led some to conclude that there must be structural and institutional barriers that assist in creating this imposter syndrome. Some students discussed going to mental health counseling services and experiencing physical health complications such as ulcers, panics attacks, and sleep fatigue.
Gendered Experiences. Most of the Black females interviewed did attest to facing an extra layer of scrutiny because of the intersection of their race and gender. However, it is important to note that the Black female students in departments that had sizable numbers of women (both doctoral students and faculty) considered their engineering programs far more equitable. Most of the Black male doctoral students in this study determined they had a gender advantage over Black women and conceded that their experiences would be more difficult if they were Black females in engineering. Black males admitted witnessing sexist practices, such as their female colleagues often being the last to be picked for group projects and almost never asked to participate in study groups. A couple of students attested to faculty not giving appropriate eye contact and responding to the questions of female students.
Perspectives of Program Directors. Presented in this section are preliminary findings of nine minority engineering program directors who all participated in a private interview. By interviewing minority program directors, we were able to augment our findings from PhD students and post-doctoral scholars, and gain insight into the institutional perspective of Black engineering students' experiences. While a number of program directors worked largely with undergraduate students, many of their observations applied to both undergraduate and graduate students. Themes that arose from these observations include the following: some Black students who faced racism were facing it for the first time or in more pronounced ways than they had in previous academic and community contexts; students often suffered from being isolated within their own department; and students had to strive to succeed in university climates that were frequently hostile to underrepresented minorities.
Encountering particularly overt racism for the first time, some Black students appeared to experience a degree of cognitive dissonance where they simply could not believe what they were facing in their graduate programs. One director paraphrased students with this cognitive dissonance, saying, "I came from an HBCU, now I'm here and I can't believe, you know, some of the things [the faculty] are saying to me." The transition from a HBCU to a predominantly White institution was "a bit rocky" for students who were unprepared for the ways in which graduate peers and faculty racialized them. Alternately, one director hypothesized that some students may have been sheltered from the harsher realities of the racism that persists in academic (and other) arenas. In response to the discrimination of a highlevel university administrator towards one university's minority program (as evidenced by moving their office to a less ideal location in order to make rooms for new restrooms), one student stated that this was the first time she had ever dealt with such treatment and asked the director, "How do you deal with this? Every day…"
Another theme uncovered in interviews with directors was that of Black students' isolation on campus and within their engineering and science departments. This isolation resulted from the few number of Black students and faculty in engineering and related Page 26.555.13
disciplines. With respect to lacking an academic community of peers that look like themselves, one director perceived the following:
Our PhD students-even our master's students sometimes feel isolated. [Their number] ...is so small, and you're isolated to a department in graduate school. You could be in Electrical Engineering and never meet...someone else. So there's a feeling of isolation.
A potential repercussion of being the only Black student in a research group or lab, according to what one director observed, was that the student was construed as the representative of all Black people. The absence of Black faculty also could have negative effects on students' academic experiences. Multiple directors expressed a concern that students were in dire need of Black role models and mentors within their disciplines. Without this type of support from Black faculty, one director worried that students would not be equipped well to "navigate a climate where you're one of, you know, two African Americans in your programs"; moreover, this director stated that students needed "someone that can mentor them on how to survive that type of...atmosphere or climate."
All Program Directors agreed that a lack of mentoring is the number one reason why more Black PhD engineers do not pursue faculty positions. They also discussed the perpetuation of myths that continue to plague many engineering departments. Who is perceived as competent in engineering plays a recurrent role in the underrepresentation of Black engineering faculty. Other preconceptions surround not being able to find "qualified" Black engineering faculty. Those Black students who come from low-income backgrounds often face another level of biasthat of being seen as under-qualified and as lacking the material resources needed to negotiate a successful tenure-track position in engineering. All of the program directors interviewed were keenly aware of the racial stereotypes that continue to plague the academic lives of Black engineering faculty at all levels of the professoriate (i.e., assistant, associate, full). Examples of the differential treatment that Black faculty face: not being given access to an ample size laboratory space (or no laboratory), having their office spaces downsized, being ignored in meetings, being seen as the "Diversity" person, not being chosen to chair search committees, being denied tenure, etc. Faculty are often forced into silence due to being pre-tenure or not wanting to be perceived as an "Angry Black Woman or Man." Program Directors state that engineering departments are stuck in a color-blind ideology, which engenders a lack of comfort in discussing critical issues of race or ethnicity. The reality of being a change agent is exhausting, thus White allies are desperately needed to help advocate and translate the experiences of those who are marginalized. They expressed that there should be more than one diversity/inclusion person who is committed to exploring issues of student and faculty marginalization. The practice of maintaining personal mental health and well-being is important as students and faculty cope with multiple assaults.
Finally, a theme that emerged in preliminary findings pertains to the overall climate at some of the colleges and universities with which directors were affiliated. On one end of the spectrum, a director confessed that her institution was known to "be very oppressive, very conservative….Very 'anti'….Very repressive." Even universities known to be more liberal were described as avoiding dealing with racial issues. Working at a more liberal university, one director observed that the institution was "mute" when it came to crucial discussions about race.
Page 26.555.14 Despite this backdrop of often discouraging institutional climates, multiple program directors evidenced a determination to act as forces of change, promoting diversity within engineering and related disciplines.
Perspectives of Black Faculty in Engineering. Presented in this section are preliminary findings of 26 pre and post tenure Black engineering faculty, along with reflections of faculty represented by 3 Black engineering deans who participated in private interviews. In the interviews with current Black faculty in engineering, we attempted to understand the influences along their career path. We can group our discussion and responses under several themes, including: (1) why choose academia, (2) how to navigate being the only one, (3) how do we get more Black engineering faculty, and (4) what would be your legacy.
At its core, Black faculty likely chose an academic career path for similar reasons as their non-Black colleagues. Flexibility and freedom were common responses to the question. Some faculty also described the importance of connecting with students in an instructional and mentoring role. Years before our study began, a non-Black faculty member in computer science at Harvard authored the following statement, which captures the essence of our discussion with Black engineering faculty.
I enjoy the freedom of working on whatever I find interesting; being unrestricted in who I choose to talk to about research problems and ideas; having the opportunity to work with a whole variety of interesting and smart people, from undergraduates to graduate students to CS colleagues all over the globe to math and biology professors a few buildings down; the ample opportunity to do consulting work that both pays well and challenges me in different ways; the schedule that lets me walk my kids to school most every day and be home for dinner most every night; and the security that, as long as I keep enjoying it, I can keep doing this job for the next 30+ years. 13 Yet, being the only Black researcher in a field or member of a department means unique challenges. It may even require a trailblazing mentality in order to be successful. Some faculty leverage that status to their advantage in order to be memorable in a positive way, especially when giving presentations at major research conferences. Sometimes, it may impede with graduate student recruiting, or lead to challenges in the classroom from students. Our participants agreed that it was imperative to identify mentors outside of racial and gender comfort zones.
We asked for insight on the lack of Black engineering faculty. Common responses acknowledged the small numbers of PhDs produced and the lure of industry. Some faculty also acknowledged the demands of the tenure process, and that faculty often complain disproportionately about what is wrong with academia instead of discussing why they enjoy their career choice. We also received insight into the faculty search process. For participants who had participated on search committees, they had observed a lack of diversity in the applicant pool. Also, when search committees lack diversity, they may not effectively solicit applications beyond the established networks of prospective faculty.
We also posed the question of legacy to our participants. They seek to leave a legacy that impacts both undergraduate and graduate students. They are passionate about their research and Page 26.555.15
recognize that a successful research career gives a platform to other endeavors they want to undertake. Some faculty also want to improve the diversity among engineering faculty, whether it means developing and participating in activities that can mentor the next generation of Black engineering faculty, or by being a voice of reason in discussions and meetings that were previously without diverse representation.
Conclusion
The potential impact of these findings can lead to the development of increased graduatelevel mentoring opportunities and possibly the establishment of a national minority graduate engineering society or association. Such an organization would have as leadership some exemplars in the field engineering, both academic and industry (government). This organization would host workshops, courses, and conferences on a variety of personal topics (e.g., what is imposter syndrome and how can we overcome it, achieving a satisfactory work-life continuum, STEM and stereotypes) and professional topics (e.g., being an academic -The great, good, bad, and ugly), as well as partner with organizations like Next Prof of the University of Michigan and revive successful programs like FACES of Georgia Tech 14, 15 . Findings that relate to how best to support pre-tenure faculty point to the needs: (1) for a dedicated grants administration support team to assist in producing successful grant applications, (2) for workshops on how to manage difficult students, and (3) for post-tenure formal mentorships. Program engineering directors, who largely serve undergraduates and those in transition to graduate school, would greatly benefit from a counterpart who focuses on graduate minority engineering students. As we continue to analyze this data, we look forward to providing even more practical guidance to engineering PhD programs, engineering faculty search committees, and organizations dedicated to the promotion of Black and other historically marginalized engineering faculty.
